UCLA researchers in the Department of Electrical Engineering have developed a wide-field and high-resolution coherent imaging method that uses a stack of out-of-focus images to provide much better utilization of the space-bandwidth product (SBP) of an objective-lens.
BACKGROUND
The space-bandwidth product (SBP) of an optical system, which is defined by the field-of-view (FOV) of the optical system divided by the area of a resolvable spot, describes the maximum amount of information that it can collect and transmit. For a coherent imaging system, both phase and amplitude channels independently contribute to the SBP. However, due to the signal readout mechanism and imaging speed requirements, most cameras that are used in optical microscopes are designed with limited number of pixels.
Therefore much of the information transmitted by the optical system cannot be adequately sampled or digitized, and it sets a practical limitation for the overall SBP of the microscopic imaging system. This gap between objective-lenses and opto-electronic image sensor chips, which is generally bridged by matching the optical resolution to the effective pixel size of the imaging configuration, significantly wastes the objective-lens FOV and result in sub-optimal use of the SBP of the microscopic imaging system.
INNOVATION
Researchers at UCLA have developed a novel wide-field and high-resolution computational imaging method that increases the SBP of coherent microscopy by bridging the gap between digital cameras and objective-lenses. They employed an iterative pixel super-resolution (PSR) algorithm that uses a few out-of-focus images of the sample to recover a high-resolution complex image of the specimen and significantly increase the overall SBP of the microscope. Unlike conventional PSR methods that require either a high precision motorized stage to laterally shift the sample or a specialized camera with a built-in pixel-shifting mechanism to shift the sensor chip inside the camera in order to create a stack of undersampled images, each with a sub-pixel lateral displacement, implementation of the described new PSR framework only requires the use of a stack of out-of-focus images of the sample without having to complicate the mechanical design of the microscope.
Researchers have shown that the resulting spatial undersampling caused by capturing a large FOV can be mitigated through an iterative PSR algorithm that uses ~3-5 slightly out-of-focus images, yielding ~8-fold increase in the SBP of the microscope. When compared to traditional off-axis and phaseshifting digital holographic microscope modalities, this method has demonstrated a ~3-fold reduction in the number of images required to achieve the same SBP. In addition, this same PSR algorithm also achieves phase retrieval, revealing the optical phase information of the specimen. 
APPLICATIONS

STATE OF DEVELOPMENT
The researchers have demonstrated the success of this wide-field imaging method using a conventional lens-based microscope and imaged resolution test-targets and biological samples. 
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